Introduction
Climate change is disproportionately affecting high elevations, with a higher rate of temperature change at higher elevations (Harsch et al. 2009; Körner 2012) . Modelling of biotic responses in mountains to climate change relies on downscaling of global climate models that are based on highly simplified topography (Bugmann et al. 2007 ). However, the steep environmental gradients over short distances means that mountain landscapes contain greater habitat complexity, and modelling of elevational changes to the bioclimatic envelope of mountain ecosystems and species requires a knowledge of the local temperature lapse rate on a finer scale than in areas with little topographic relief. The duration of the winter snowpack may be the controlling factor in the distribution of some high elevation plant communities, such as snowpatch communities (Green and Pickering 2009) . However, elevational zonation of vegetation forms is driven mainly by growing season temperature, with the location of the main thermally derived ecotone on mountains, the alpine treeline, being explicitly a result of average temperature in the growing season (Körner et al. 2011) . Hence no understanding of its global nature can be gained from winter climatic measures (Körner 2012) .
For the Snowy Mountains, the only published temperature lapse rate is 7.5 °C km -1 calculated by Galloway (1988) . This lapse rate was specifically calculated for a model of impacts of climate change on length of the snow season and used data from ten unspecified stations in the Snowy Mountains over the period June to October. This winter lapse rate may prove unsuitable for use in modelling vegetation responses to climate change because winter and spring lapse rates in mountains differ (Barry 1981) and plants are more responsive to spring temperatures. The present study aimed to provide a growing season lapse rate for better modelling of vegetation responses to climate change.
Methods
The growing season adiabatic lapse rate was calculated for the eastern approaches to Mount Kosciuszko (Snowy Mountains) from observations taken at 1. . Temperature loggers were from Gemini Data Loggers (Chichester England). Loggers are factory calibrated at 0 °C and 30 °C to an accuracy of 0.01 °C and zero point accuracy of the loggers was checked after retrieval in an ice bath. Observations were taken at 1500 Australian Eastern Standard Time to ensure a mixing of the free air to avoid temperature inversions. The average temperature at these individual sites at 1500 Australian Eastern Standard Time over 168 days was plotted to reveal outliers and a regression line was fitted in Microsoft Excel to determine the lapse rate. The correlation coefficient of the line was calculated as a further quality check on the data.
To compare the eastern side of the Snowy Mountains with the western side, data were also obtained from two Bureau of Meteorology automatic weather stations on the western side, Khancoban (339 m) and Cabramurra (1482 m). studied individually (Nunez and Colhoun 1986) . Khancoban (339 m) was chosen as it is northwest and therefore upwind of Thredbo Top Station with the major rain-bearing weather systems affecting the Snowy Mountains coming from the west (Costin 1959; Green and Pickering 2009) . However the other western side AWS at Cabramurra (1482 m) is well to the north of Thredbo and the calculated growing season lapse rate between Cabramurra and Thredbo Top Station during the period of this study was 9.6 °C km -1 . These measurements of lapse rates are higher than those at two other major southern hemisphere alpine regions on a similar longitude. In New Guinea on Mt Jaya the lapse rate of 5.3 °C km -1 reflects the very high tropical humidity (Prentice and Hope 2007 ) and the 6.5 °C km -1 for Mt Wellington (Tasmania) (Nunez and Colhoun 1986) probably also reflects higher humidity in a maritime environment.
Conclusion
Fine scale adiabatic lapse rates are required for an understanding of the shifting bioclimatic envelope of plant and animal species. Lapse rates change seasonally and although Galloway's 1988 . Thus in order to model future impacts of climate change more accurately the differences in lapse rates seasonally, together with the differences across mountains means that the lapse rate needs to be calculated on a site by site basis.
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Results and discussion
The calculated growing season lapse rate for the eastern slopes of the Snowy Mountains based on 2013-2014 data was 9.1 °C km -1 elevation (Fig. 1) . This is close to the accepted standard dry-air adiabatic lapse rate of 10.0 °C km -1 with 3.5 °C km -1 for the saturated-air adiabatic lapse rate (Glickman 2000 Galloway (1988) is also more likely to have included data collected at higher relative humidities than those collected in the current study from October to March. Unfortunately, there is no way of measuring any change in readings over the period because during the 1980s winter measurements were taken at Thredbo Top Station and the summer measurements at Thredbo Village (1380 m). It has only been since the commissioning of the AWS at Thredbo Top Station that observations have been available from both sites throughout the year.
Although care must be taken in calculating lapse rate at only a few stations on mountains (Barry 1981) , the lapse rate between Khancoban (339 m) on the western side of the range and Thredbo Top Station over the same time period as the current study (October-March) gives a figure of 8.7 °C km -1 , compared to the 9.1 °C km -1 recorded for the eastern side. As some variability in lapse rates occur between specific mountain sites, the lapse rate at each site needs to be 
